This paper describes a modification of the Wassermann test giving an improved standardization of the complement titration and of the haemolytic system which is suitable to the resources of a small laboratory. Advantage has been taken of the stability of complement preserved by the method of Richardson (1941) , so that modern methods for the standardization of the haemolytic system can be included in the routine without sacrifice of simplicity in technique.
The improved methods that have been advocated for the titration of complement and the standardization of the haemolytic system may be briefly reviewed. Increased accuracy is obtained in the complement titration by the determination of the point of 50 per cent. haemolysis rather than that of the minimum haemolytic dose (MHD), giving 100 per cent. haemolysis. The curve of haemolysis is a sigmoid one, and at the point of 50 per cent. haemolysis the rate of change of the degree of haemolysis for a given small change in the amount of complement employed is maximal, whereas at the 100 per cent. point it is minimal. Further accuracy can be obtained by photometric determination of the degree of haemolysis in all tubes of the titration showing partial haemolysis. By mathematical analysis or graphical construction, all the measurements can contribute to the determination of the 50 per cent. point (Kent, Bukantz, and Rein 1946; Mayer, Eaton, and Heidelberger, 1946) .
Some authorities consider that the employment of a more accurate method for the complement titration should be accompanied by a similar increase in accuracy of the amboceptor titration. Thus Whillans (1950) A more precise complement titration also requires that careful attention shall be given to the possibility of variations in the behaviour of the sheep-cell suspension. Quite considerable differences can be observed in the facility with which different batches of sheep cells can undergo haemolysis by complement and amboceptor. The use of preservatives such as formalin must also be considered, since injury is done to the cells so that they become more susceptible to haemolysis (Eagle, 1937a) . It is clear that if the sheep-cell suspension against which complement is being standardized can itself vary from day to day in an unknown manner, increased precision in the complement titration is a useless refinement. Methods are described for obtaining uniformity of behaviour from the sheep cells. The cells used should be restricted to those obtained from specially selected animals which are maintained in the laboratory. The sheep are bled into glucosecitrate, using full aseptic precautions, no preservative being added (Kent, Bukantz, and Rein, 1946; Wadsworth, 1947b In the method to be described the difficulties have been overcome by the use of preserved complement. Hoyle (1948) gives an indication of the use of preserved complement in this way. He describes a complement-fixation test for influenza, in which preserved complement is titrated to 50 per cent. haemolysis, and advises that, once a figure for the titre of a batch of preserved complement has been established, it should be adhered to in making up the dose of complement for the first part of the test. Any small variations subsequently observed in the titre should be attributed to variations in the sensitized sheep cells rather than to changes in the complement and should be ignored.
The (Kent, Bukantz, and Rein, 1946 (Fairbrother, 1942) (a) as a fraction indicating the dilution of the reagent in the standard volume (e.g. 1/50 complement meaning 1 in 50, 50 being the dilution factor), (b) in arbitrary units proportional to the actual quantities of horse or guinea-pig serum used.
The unit adopted was one thousand times the reciprocal of the dilution factor (thus 1/50 complement represents 20 units) since the standard volume was 0-25 ml., 1 unit represents 0-00025 nml. serum.
(3) Complement Titrations.-The complement titrations were carried out to determine the point of 50 per cent. haemolysis by the method of Mayer, Eaton, and Heidelberger (1946) . The relation between the degree of haemolysis and the amount of complement used is expressed by the formula attributed to Von Krogh: log x = K + l/n log (1_y) K and n are constants, x represents the amount of complement used, and y the degree of haemolysis (100 y = per cent. haemolysis). The equation represents a straight line of slope 1/n, the value of x where log = 0 corresponds to the 50 per cent. point. A complement titration was set up in the usual manner. After removal from the 370 C. bath, the tubes were centrifuged (or the cells allowed to sediment, see below) and the optical densities of the supernatant fluid from the tubes showing partial haemolysis were measured in a photo-electric colorimeter. A reading for 100 per cent. haemolysis was also obtained. Values of log x were plotted against log IYy.
The value of x is expressed in units of complement.
(1000 x reciprocal of dilution factors). The value of log y can be obtained directly from the colorimeter readings, assuming that there is a linear relation between the haemoglobin content of the tubes and the readings of the colorimeter. If a is the reading for 100 per cent.
haemolysis, and r is the reading for the particular tube under consideration, then: log y= log r -log (a-r).
Values of log x are plotted against values of 2 -log y (2 being added to avoid negative quantities) and the best straight line is fitted. The value of log x where 2 + log ly = 2 corresponds to the 50 per cent. point.
Dilutions of complement prepared were 1/30, 1/35, 1/40, 1/45, 1/50, 1/60, 1/70, 1/80, 1/100, 1/120, 1/160, and 1/200. A complement titration was set up and after haemolysis for 1 hour in the 370 C. bath, the tubes were placed in the refrigerator and allowed to sediment overnight. The next morning 0-8 ml. of the supernatant fluid was withdrawn from all tubes showing partial haemolysis and was placed in a corresponding semimicro tube of an EEL photo-electric colorimeter, 3 0 ml. water containing 0-04 per cent. ammonia being added to each of the EEL tubes. The reading for 100 per cent. haemolysis was obtained by using 0-8 ml. of the mixed contents of the tubes showing complete haemolysis. A blank containing one vol. saline in place of the complement dilution was taken through with the complement titration, and 0-8 ml. of the supernatant diluted with 3-0 ml. water with 0 04 per cent.
ammonia was used to zero the colorimeter. Readings were made using the green filter.
The procedure of allowing overnight sedimentation of the cells before reading the complement titration rather than immediate centrifuging of the tubes after 1 hour in the 37°C. bath, was adopted to minimize labour in the large numbers of titrations carried out. Preliminary experiments were undertaken in which the two procedures were compared by parallel complement titrations. It was found that the relatively long period in the 370 C. bath allows haemolysis to proceed almost to completion, and essentially similar results were obtained by both methods, a very small additional degree of haemolysis occurring during the night.
For titrations carried out as part of the Wassermann technique to be described, the tubes are centrifuged as soon as they have been taken from the 370 C. bath. It also makes for ease in pipetting the supernatant, if the standard volume for the complement titration is doubled to 0-5 ml.; 10 ml. of the supernatant can then be removed to EEL semi-micro tubes, which are then made up with 3-0 ml. water containing 0-04% ammonia. Quantities of amboceptor and complement used are expressed in units given by 1000 x reciprocal of dilution (e.g., 1/50 = 20 units). The behaviour of cells without added preservative was investigated in additional experiments. Samples of blood from twelve sheep were obtained from the abattoir. Sensitized cell suspensions were prepared, and were compared with a single sample of formalized cells in thirteen parallel complement titrations. This experiment was carried out twice, using the same preserved complement-once within a few hours of obtaining the blood and again after a lapse of 4 days. In the first experiment, the amount of complement required for 50 per cent. haemolysis ranged from 17 to 22 units, and in the second experiment from 13 to 20 units, compared with 12 units required for formalized cells.
Thus in the titration of complement using cells obtained from the abattoir and used between 1 and 4 days of collection, the amount of complement required for 50 per cent. haemolysis was nearly doubled between the most fragile and the most resistant cells encountered. * Using formalized cells from a reliable commercial source, it was found that less complement was required than for any of the samples of cells without added preservative; thus suggesting that the cells were indeed injured in some way by the preservative. However the formalized cells showed a uniformity of behaviour that was entirely adequate for obtaining standard results from the Wassermann test.
(4) Wassermann Test using Fixed Dose of Complement. -It is customary to adjust the dose of complement used in the first part of the Wassermann test to fit the particular suspension that is to be used in the second part. Reference has already been made to Hoyle's suggestion that a fixed dose of preserved complement should be used, no change being made to conform with small dayto-day variations in the behaviour of the sensitized cells. Eagle (1939) used a fixed quantity (1 vol. of a 1/10 dilution) of pooled guinea-pig serum at the fixation stage of the Wassermann. The effect upon the reported results of the Wassermann test by these two methods, complement dose adjusted to cell suspension (Experiment A) and complement dose fixed (Experiment B), are shown in Table II (overleaf) .
Using the adjusted dose of complement on the occasional day when the cells are unduly fragile, relatively smaller amounts of complement will be employed and some sera of lower reagin content which would normally be reported as " Doubtful " will be able to fix all the complement offered and will be reported " Positive ". Conversely, if the cells are unduly resistant, sera which would normally be reported as giving an only just " Positive " reaction will be reported as " Doubtful ".
When a fixed dose of complement is used, uniformity in reporting " Positive " sera will be obtained. of the complement remains at the end of the period of The results shown in Table II confirmed the confixation. If unduly fragile cells are then added, the clusion reached from theoretical considerations in the small quantity of complement remaining may still be preceding paragraphs but the differences observed sufficient to bring about complete haemolysis and the between the various titrations were not large. serum will be reported as " Negative ". A method of It has already been shown that, when a fixed dose of overcoming this difficulty is described below.
complement not adjusted to the particular cell suspension The effect of the two methods of deciding the dose of is used, certain sera of low reagin content which would complement in the Wassermann reaction, dose adjusted normally be reported " Doubtful' will be reported to the cell suspension and dose prefixed and not adjusted " Negative" if the cell suspension is unduly fragile. to the particular cell suspension, was studied experimen-A means was sought by which a standard sensitivity in tally. In some experiments the results from the use of the reporting of " Doubtful " sera could be obtained fragile, normal, and resistant cells were simulated by irrespective of the behaviour of the cell suspension. using the same normal cell suspension but adding, one,
It was decided that cells should be classified as fragile two, and three volumes of cells. Complement titrations or resistant when the amounts of complement required showed that the amount of complement required for for 50 per cent. haemolysis were found to be 4/5 or less 50 per cent. haemolysis when one and three volumes of and 6/5 or more of the amount required for 50 per cent. cells were used, were roughly two-thirds and four-thirds haemolysis using normal cells. This represents a of the amount acquired when the usual two volumes difference in complement requirements between fragile were used. This gave a range similar to that observed and resistant cells in the proportion of 1 to 1-5 and covers between the most fragile and most resistant cells en-the range observed in the experimental complement countered in the previous experiments. In other titrations. Studies were made of the effects upon the experiments, fragile cells were compared with resistant observed titre of a complement titration of cells by comparing a suspension of formalized cells with (1) increasing the volume of the sensitized cells added a suspension of cells freshly obtained from the abattoir. beyond the usual two vols.
Parallel titrations of the same " Positive " serum were (2) maintaining the usual volume of sensitized cells carried out. In a first set of titrations, the complement but diluting the sensitized cell suspension with saline dose used at the fixation stage was adjusted to 3 MHD before addition.
of the cells to be added. In a second set of titrations the It was found that, if 0 7 ml. sensitized cells was added complement dose was fixed at 3 MHD for normal cells. instead of the usual 0 5 ml., the amount of complement is performed. This titration is not required in order to determine the dose of complement to be used at the fixation stage, since the averaged titre which is already known is used for this purpose. The complement titration serves 0-15 ml. patient's serum is added 075 ml. of a mixture containing two parts dilute antigen, two parts 3 MHD complement, and one part saline. The screen tests should be set up after the complement titration has been in the 370 C. bath for half an hour. The rack containing the screen test is placed in the 370 C. bath, and while fixation takes place a preliminary reading is made of the complement titration. The complement titration is removed from the bath after 1 hour of haemolysis and all tubes showing partial haemolysis and the cell control tube are centrifuged (Section 2). The preliminary reading for 50 per cent. haemolysis is made by comparing a 1/2 dilution of the contents of a tube showing complete haemolysis with the supernatant fluids of the tubes showing partial haemolysis. 1 ml. quantities of the supernatant fluids are then removed to a series of appropriately labelled EEL semi-micro tubes which may then be set on one side. The titration is finished as already described at some convenient time later in the day, the final titre for 50 per cent. haemolysis being only required for the record.
The preliminary reading of the complement titration enables the cells in use to be classified as normal, fragile, or resistant (see above). After one hour of fixation sensitized cells are added to the screen tests; with normal cells, 0-6 ml. are added to all tubes, if the cells are classified as fragile 0-85 ml. are added, and if resistant 0-6 ml. are added, but the sensitized cells are diluted in the proportion seven parts cells to three parts saline before addition. Haemolysis is allowed to continue for 1 hour (if more convenient half an hour will be sufficient for screen tests). AU sera showing complete haemolysis are reported as " Negative ". Sera showing complete or partial inhibition of haemolysis are reexamined using four dilutions of the serum and a serum control tube.
(10) Re-examination of Presumptive Positive or Doubtful Sera.
The standard volume is 0-25 ml. Set up five tubes for each serum to be tested. To all tubes add 0-25 ml. saline.
To Tube 1 add 0-25 ml. serum, mix, and discard 0-25 ml. This is the serum control tube.
To Tube 2 add 0-25 ml. serum, mix, and carry over 0-25 ml. to Tube 3; mix and carry over 0-25 ml. to Tube 4; mix and carry over 0-25 ml. to Tube 5; discard 025 ml. from Tube 5. This gives 1/2, 1/4, 1/8, and 1/16 dilutions of serum.
Prepare a further supply of 3 MHD complement, and set aside sufficient for the serum control tubes (025 ml.
for each serum tested). Now prepare a complement/antigen mixture, equal volumes of each reagent. To Tube 1 add 025 ml. 3 MHD complement and 0x25 ml. saline. To all other tubes add 0 5 ml. of complement/antigen mixture. Place the tubes in a water bath at 370 C. for 1 hour and now add sensitized cells. Using normal cells, 0 5 ml. sensitized cells are added to all tubes. Using fragile cells, 07 ml. are added. Using resistant cells, 0-5 ml. sensitized cells previously diluted in the proportion seven parts cells to three parts saline are added. Allow haemolysis to take place for 1 hour in the 370 C. bath.
Place the racks in the refrigerator and allow the cells to sediment overnight.
Read the results next morning according to the principles described in Note 1 above. Summary A modification of the Fairbrother-Maddocks method for the Wassermann test employing 50 per cent. haemolysis as the end point of the complement titration is described. The titration is carried out photometrically.
The amboceptor titration has been investigated and a corresponding elaboration has been found to be unnecessary.
The use of complement preserved by Richardson 
